Abstract. Taking data of Hubei's foreign trade openness, foreign investment openness and the green economic efficiency in 1986-2015 as sample, based on VAR model, this paper empirically studies on the interaction among these variables. The results show that there is a long-term equilibrium relationship between the foreign trade openness, the openness of foreign investment and the green economic efficiency of Hubei. The foreign trade openness has a continuous promotion effect on the growth of green economic efficiency in Hubei Province, but the foreign investment openness has shown the effect of restraining production in Hubei's economic efficiency, and the latter is only the promotion effect. "The hypothesis of pollution heaven" is again verified in Hubei.
Introduction
Since the reform and opening up, Hubei's economy has made great progress. The regional GDP has increased from 15.1 billion yuan in 1978 to 295.501 billion yuan in 2015. At the same time, Hubei's position in the national economy has also been rising. By 2015, the proportion of Hubei's GDP to the country's gross domestic product reached 4.37%, and its economic openness level has also been strengthened. The dependence on foreign trade and foreign investment respectively increased from 0.0673 and 0.0010 in 1986 to 0.0961 and 0.0189 in 2015. The rapid growth of the economy is accompanied by high environmental pollution and high energy consumption①. In recent years, the total amount of wastewater discharge and energy consumption in Hubei Province have risen in all other years except for the decline in individual years. Although the annual average growth rate of sulfur dioxide emissions is negative, the average annual growth rate of smoke dust emissions and industrial solid waste emissions in exhaust gas is as high as 5.43% and 7.97%. ②It can be seen that high pollution and high energy consumption are the distinctive features of Hubei's rapid economic growth.
In the report of the 19th National Congress of the Communist Party of China, General Secretary Xi clearly pointed out that "the development concept of innovation, coordination, green, openness, and sharing must be unswervingly implemented", put forward the economic transformation idea of "promoting economic development quality change, efficiency change, power change, and improving economic efficiency" , and required China to "actively participate in and promote the process of economic globalization and develop a higher level of open economy." ③ Under the dual constraints of environment and energy, how to develop an open economy and promote the economy to a higher level is the core issue that needs to be resolved today. This paper uses the green economy efficiency to measure the level of economic development in Hubei Province under the environment and energy constraints, measures the degree of economic openness by using foreign capital openness and foreign trade openness, and uses the vector autoregressive model (VAR model) to systematically analyze the relationship between the above three economic variables., in order to provide a theoretical reference for the development of high-level open macroeconomic policies in Hubei Province.
Variable Selections and Descriptions
Hubei's Green Economy Efficiency DEA and super-efficiency DEA models were used to evaluate the green economy efficiency of Hubei. In recent years, the DEA method and the super-efficiency DEA method (hereinafter referred to as SE-DEA) have been widely used at home and abroad, and the theoretical principle will not be described in detail.
On the basis of researching and drawing on the existing achievements at home and abroad, three categories of indicators: economic, resource and environment are selected as the basis for the evaluation of Hubei's green economy efficiency.
(1) Resource indicators: According to the connotation of green economy efficiency and the availability and typicality of data, this paper selects the most representative indicators of energy consumption, the number of employees in the whole society and the physical capital stock as resource input indicators. For the capital stock K, this paper uses the method of Shan Haojie (2008) to estimate the capital stock of Hubei Province from 1986 to 2015, calculated according to the 1986 constant price. The energy consumption and the number of employees in the whole society are from the Hubei Statistical Yearbook.
(2) Environmental indicators: Select the most representative indicators of wastewater discharge exhaust emissions and solid waste discharge as environmental indicators, referred to as "three wastes". "Three Wastes" as the "bad" output in economic activities, this paper incorporates this "bad" output as an input into the data envelopment analysis model in the DEA model.
(3) Economic indicators: Select GDP as the output indicator. In order to eliminate the error caused by regional differences in regional GDP, Hubei's annual GDP is based on the real GDP obtained by gradual reduction in 1986. The green economy efficiency evaluation index system of Hubei is shown in Table 1 . The first stage: it basically shows an upward trend from 1986 to 2001, except for the decline in individual years. It reaches its peak in 1996, and its super efficiency is 1.6468. With the further deepening of China's economic system reform, the introduction and implementation of a series of new development concepts such as "planned commodity economy", "socialist market economic system", "establishment of modern enterprise system", "tax-sharing system reform" and "housing marketization" and new economic policies have greatly promoted the development of Hubei's green economy efficiency. In particular, the development strategy of "two fundamental changes" proposed by the Fifth Plenary Session of the 14th Central Committee in 1995 has the greatest
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impact on the efficiency of Hubei's green economy④, indicating that the intensive development approach has been valued and implemented in our province. At this stage, the green economy efficiency of Hubei Province only showed a slight decline in 1999, indicating that the Asian financial crisis has a certain impact on Hubei Province but to a limited extent.
The second stage: a small decline appears in 2002-2006. After joining the WTO, the efficiency of green economy in Hubei Province has declined to some extent, but its magnitude is not too large. The possible reason is the "time lag" of the interaction of economic variables. Subsequent research has confirmed this.
The third stage: It basically shows a trend of slow fluctuations in 2007-2015. In 2008, in response to a series of problems such as the rapid decline of China's economic growth rate and the negative growth of exports after the outbreak of the international financial crisis, the government launched a 4 trillion yuan investment plan to further expand domestic demand and promote steady and rapid economic growth. This policy has had a profound impact on the green economy efficiency of Hubei Province. At the same time, with the improvement of people's living standards, ordinary people have fully recognized the importance of environmental protection, and then "more and more severe" is the "new normal" of the government's environmental protection in China, which makes the green economy efficiency of Hubei Province gradually upgrade.
Figure 1 Evolution Trend of Green Economy Efficiency in Hubei Province
Economic Opening Indicators This paper measures the degree of openness of Hubei's economy from the open situation of foreign capital and foreign trade, and analyzes the differences between the two degrees of economic indicators on the degree of "greenness" and "direction".
(1) The degree of foreign capital openness is measured by the proportion of the actual use of foreign direct investment in the GDP of Hubei Province. Since the actual use of foreign direct investment is expressed in US dollars, the middle price of the US dollar against the RMB exchange rate in the China Statistical Yearbook is converted into RMB and then divided by the GDP of Hubei. The indicator is expressed by CO.
(2) The degree of openness of foreign trade is measured by the proportion of total import and export volume in Hubei's local GDP. The method of converting the total import and export volume expressed in US dollars into RMB is consistent with the openness of foreign investment. This indicator is expressed by TO.
④ The first is the transformation of the economic system from the traditional planned economic system to the socialist market economic system. Second, the economic growth mode has changed from extensive to intensive. 
Empirical Analysis of Foreign Trade Openness, Foreign Investment Openness and Green Economy Efficiency

Stationarity Test
In order to avoid "pseudo-regression phenomena", a stationary test must be performed before regression analysis of time series economic variables. In this paper, the ADF unit root test method is used to test the stability of Hubei's green economy efficiency, foreign trade dependence and foreign capital dependence. The test results are shown in Table 3 . The test results show that the original data of Hubei's economic green economy efficiency, capital openness and trade openness are all unstable sequences, but the first-order difference sequences of the three variables are stationary sequences. The first-order difference terms of SE and TO pass the test at the 1% significance level, and the first-order difference term of CO passes the test at the 5% significance level, indicating that all three economic variables are first-order single-order sequences. Thus, the cointegration relationship between these three variables can be further tested and also meets the VAR modeling requirements.
Determination of the Optimal Lag Period
The SE, CO and TO were selected to construct a 3-dimensional vector autoregressive model. The five ⑤ most common lag period test criteria included in the measurement software EViews were used to determine the most lag period of the VAR model. The results are shown in Table 4 : Table 4 , it can be found that the optimal lag period of the four criteria selected in the five test criteria is 2, and the optimal lag period of the visible VAR model is 2, so the VAR(2) model is established in this paper.
Stability Test
The AR eigenvalue method is used to test the stability of the VAR model in this paper. If the reciprocal of the AR root of the tested VAR model is less than 1, that is, it is located in the unit circle, indicating that the VAR model is stable and can perform impulse response function analysis and analysis of variance. The test results are shown in Table 5 and Figure 2. ⑤ LR likelihood ratio test statistic, FPE final prediction error, AIC information criterion, SC information criterion, and HQ information 
Figure 2 Reciprocal Distribution of the Eigenvalues
It can be seen from Table 5 and Figure 2 that the reciprocal of the model of the AR root of the tested VAR model is less than 1, and the reciprocal of all the roots is within the unit circle, indicating that the VAR model is stable, so the above three economic variables in Hubei Province can be establish a model of VAR(2) and perform impulse response and analysis of variance.
Cointegration Test
According to the ADF unit root test, the three variables SE, TO and CO are first-order single integer variables, namely: SE~I(1), TO~I(1), CO~I(1) The Johansen maximum likelihood test is used to test the covariance relationship of the above three variables. Generally, there are two kinds of Johansen test methods: trace statistic cointegration test and maximum eigenvalue statistic cointegration test. The test results are shown in Figure 6 and Figure 7 , respectively. It can be seen from Table 6 and Table 7 that at the 5% significance level, the trace statistic cointegration test accepts the assumption of up to two co-integration equations, and the maximum eigenvalue statistic co-integration test accepts at most one and two. The assumption of co-integration relationship, the test result of the co-integration of the trace statistic and the maximum eigenvalue statistic is different. The only cointegration relationship between foreign capital openness, foreign trade openness and green economy efficiency cannot be determined, but the existence of a cointegration relationship between the three variables is determinable, indicating that there is a long-term equilibrium relationship between the three variables.
Granger Causality Test
The causal relationship between variables is complicated, so the relationship between Granger causality test should be investigated to see if it is suitable to use the VAR model based on data generation process. Table 8 that under the significant level of 5% or even 1%, the openness of foreign trade is the Granger cause of Hubei's green economy efficiency; the combination of foreign trade openness and foreign investment openness is also the Granger reason for Hubei's green economy efficiency. The openness of foreign capital is the Granger reason for the openness of foreign trade; the combination of the two factors of green economy efficiency and foreign capital openness is also the Granger reason for foreign trade openness.
Impulse Response Function
This paper mainly studies the impact of foreign trade openness and foreign capital openness on Hubei's green economy efficiency. Figures 3 and 4 only reflect the impulse response of foreign trade openness and foreign capital openness to green economy efficiency, and the three variables are impacted by themselves. The effects and other interactions of the impulse response function are not listed here. At the same time, in order to reflect the long-term relationship between variables as much as possible, a 20-year impulse response function graph was used. It can be seen from Figure 3 that the impact of the random error term of foreign trade openness has a positive impact on the green economy efficiency in the second year (0.0042), reaches the maximum value in the third year (0.0493), and then falls to a negative value (-0.0054) in the seventh year. But the degree of negative influence is not large, and then its negative influence gradually weakens, and then turns into a positive influence in the 10th year, its influence is weak, and the degree of influence after the 10th year tends to converge.
It can be seen from Figure 4 that the impact of the impact of the random error term of foreign capital openness on the efficiency of the green economy is first positive then negative and then turned negative. In the second year, it began to have a negative impact (-0.0192), and then its negative influence gradually weakened. By the fourth year, it turned from a negative influence to a positive influence (0.0294), and then its positive direction gradually weakened. In the eighth year, it turned into a negative influence, and its influence degree tended to converge after the 12th year. Res pons e to Choles ky One S.D. Innovations ± 2 S.E. (TO) . That is to say, in the economic opening indicators, the fluctuation of the proportion of total import and export to the GDP is the most important cause of fluctuations in regional green economy efficiency in Hubei Province. The impact of Hubei's foreign trade openness on economic efficiency fluctuations began from the second period, and the second period basically stabilized. The 12th to 20th periods basically remained at 19.4%. After the 10th period, the degree of influence of foreign investment openness on the efficiency of green economy has also stabilized, staying at around 12.7%.
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Analysis of Variance Decomposition
Conclusions and Policy Recommendations
This paper uses the statistical data of Hubei Province from 1986 to 2015 to measure the green economy efficiency of Hubei, and applies the quantitative analysis method to study the influence of economic opening on the efficiency of green economy, and draws the following conclusions:
(1) There is a long-term stable equilibrium relationship between foreign trade openness, foreign investment openness and Hubei's green economic efficiency.
(2) The joint effect of foreign trade opening, foreign trade opening and foreign capital opening has promoted the growth of green economy efficiency in Hubei Province; foreign capital opening has promoted the growth of foreign trade openness.
(3) The development of foreign trade has a positive impact on the efficiency of green economy, while the use of foreign direct investment has the cyclical effect of negative and positive alternating "negative" and "positive". In terms of the extent of its impact, the influence of foreign trade is greater than the influence of foreign direct investment. The "pollution paradise hypothesis" was proved once again , that is, the foreign direct investment industry in Hubei has certain pollution.
Based on the above research conclusions, the following policy recommendations are proposed:
(1) Develop foreign trade vigorously. Increase the competitiveness of Hubei's pillar industries in the global industrial chain and increase exports. It is necessary to speed up the upgrading of import and export trade growth mode and the transformation of export product structure, and strive to increase the proportion of capital-intensive products, especially technology-intensive goods in export commodities, and increase the "complexity" of Hubei's export commodities.
(2) Attract foreign investment selectively. Governments at all levels in Hubei should strictly examine and directly guide foreign direct investment projects and fields. When introducing foreign investment projects, governments at all levels in Hubei Province must strictly review and formulate "access criteria" for foreign investment projects and industries, and shift the main focus from the scale of foreign direct investment projects to the quality of foreign direct investment projects. For projects with high energy consumption and high pollution, we must resolutely put an end to it, actively introduce projects related to high-end manufacturing and production services, and make innovative use of foreign capital.
In formulating economic open policies, we should comprehensively consider the two factors of "foreign trade" and "foreign investment", in order to form a "combination force" in the policy of opening up to the outside world. The above research shows that in the short term, foreign capital does not promote the improvement of green economy efficiency, but the foreign trade and the combined effect of foreign trade and foreign capital has greatly promoted the improvement of green economy efficiency. Therefore, policies at all levels should fully consider the two factors of "foreign trade" and "foreign investment" when introducing relevant policies, so that the two open policies promote each other and develop together, and ultimately promote the development of Hubei's green economy and make Hubei's economy move to a high level.
